Methods are presented for sizing composite laminates containing one, two, or several pin loaded holes, the holes being arranged either in a single row or in two parallel rows. It is shown how the design parameters (number of holes, hole diameter, hole positions) can be found, which result in the maximum failure load and in the maximum failure load per unit weight.
INTRODUCTION
l N THE PRECEEDING PAPER [1] , A METHOD WAS DESCRIBED FOR CALCULATIing the failure strengths and failure modes of laminates containing either one or two pin loaded holes. In this paper, it is shown how the model (together with the &dquo;Bolt&dquo; computer code [1] ) can be used to size laminates containing more than two pin loaded holes.
It is desired to determine the number of holes, the hole diameter, and the hole positions which result in the maximum failure load PM and the maximum failure load per unit weight P~. The 
Two Holes in Parallel
The parallel hole interaction coefficient gH is defined by where P, is the failure load of a laminate of width GH containing a single loaded hole, and P. is the failure load of a laminate of width 2GH containing two loaded holes separated by a distance G. (Figure 1 ). When GH becomes large, the interaction between two holes becomes small (PH12 -P~) and the interaction coefficient approaches unity. 
Two Holes in Series
The series hole interaction coefficient gv is defined by where Pv is the failure load of a laminate (width W) containing two loaded holes separated by a distance G&dquo;. P, is the failure load of a laminate with the same width containing two loaded holes; one located at a distance E from the edge, and the other located at the center of the laminate (Figure 2 Figures 1-4 . The most significant feature of these results is that the failure load is not affected significantly: a) by the proximity of two holes in parallel when the distance between two holes is larger than 3D, 
DESIGN OF LAMINATES WITH ONE OR TWO HOLES
In this section, a procedure is described which can be used to size a laminate containing either one or two pin-loaded holes.
We consider a laminate of known width (W = 1 in), length (L = 8 in) and thickness (H = 0.125 in). The laminate may contain either one pin-loaded hole or two pin-loaded holes in parallel or in series, as illustrated in Figure 5 .
It is desired to find the number of holes (one or two holes), the hole diameter D, the edge distance E and the distance between two holes G, which Figure 5 . Description of the problem used in designing laminates with a) smgle pin-loaded hole, bJ two pin-loaded holes in parallel, c) two pin-loaded holes in series.
result in the maximum failure load PM and in the maximum failure load per unit weight P*M.
The calculations, performed with the &dquo;BOLT&dquo; computer code [1] , proceed along the following major steps: a) The failure loads of a laminate containing a single loaded hole are calculated for different hole diameters D and for different edge distance ratios E/D. The failure load is plotted versus the edge ratio E/D ( Figure  6 ). The desired edge ratio (E/D) is selected. Here, the edge ratio E/D = 3 is selected because the failure load reaches a maximum at an edge ratio of about 3 and remains nearly constant at higher edge ratios. This value (E/D = 3) will also be used for joints containing two loaded holes in parallel and two holes in series. The reasons for this choice of E/D in the multihole case are as follows: 1) For parallel holes the interaction between two holes has almost no effect on the failure load (gH -7 and PHI2 -Ps, Section 2). 2) For two holes in series, the interaction between the holes is unimportant when G~lD > 3 (g,, -~ I and P,, --~ Pc, Section 2). b) The failure loads are calculated for different hole diameters and for different hole separations G for two holes in parallel and for two holes in (Figure 7, bottom) .
For the present problem, the maximum failure load per unit weight PM is 8,000 lbf/lbf and occurs with two 0.125 in diameter pins separated by a horizontal distance GH = 0.5 in (GHID = 4).
DESIGN OF LAMINATES WITH MULTIPLE HOLES
This problem is concerned with laminates containing several pin-loaded holes spaced evenly, either in a single row or in two parallel rows, as illustrated in Figure 8 .
The number of holes in the laminate with a single row of holes, or the number of columns in the laminates with two rows of holes is (for the special case in which the distance from the side to the hole is G~/2) It is desired to determine the number of holes No, the hole size D, the positions of the holes G. and G,, and the edge distance L~' which result in the maximum failure load.
The analytical method described in Reference [1] together with the &dquo;BOLT&dquo; code can be applied only to laminates containing either a single pinloaded hole, or two pin-loaded holes in parallel or in series. Therefore, this method cannot be used directly to calculate the failure load of a laminate containing several holes. The failure loads of such laminates can still be estimated with the use of this method by the procedure described below.
a) The interaction coefficients gE and gv are calculated and plotted in exactly the same way as was described in Section 2.
b) The ratios E/D and Gw/D are selected which correspond to the conditions gz -7 and g~ -~ 1. In this investigation, the values of both E/D and O.,/D were selected to be 3 because both gE and gv reach unity at this ratio. (Figure 9 ). The maximum failure load per unit weight (P) = 67,000 lbf/lbf) is achieved with twelve 0.125 in diameter holes in a single row (Figure 9 ).
Failure Mode
The results generated by the computer code also show the modes of failure. The changes in the modes of failure with the number of holes No are illustrated in Figure 10 . In the present sample problem, at the condition of the maximum failure load (No = 12) the failure mode is in tension. Failure in such a mode often happens quite suddenly. In some situations it might be preferable to choose a design in which failure occurs by a less sudden failure mode. For example, failure would have occurred in bearing mode if, in the 
CONCLUDING REMARKS
The method described in this paper can be used to size laminates containing one or more pin loaded holes. The method can also be applied to the design of bolted joints provided the bolt tightness does not significantly affect the strength of the joint. This is frequently the case, as was discussed in Reference [1] . 
